Introduction
Chronic heart failure (HF) affects around 2% of the population, but it is mainly present in older people affecting 6-10% of the population aged 65 years and older [1, 2] . The condition impairs patients' quality of life, physical capacity, as well as cognitive health [3, 4] , and is linked to high mortality and frequent hospitalizations [5] . Its treatment requires a large share of healthcare resources [6] .
Until recently, iron deficiency was an overlooked and hence untreated comorbidity in HF, even though it seems to affect up to half of all HF patients with reduced ejection fraction. The prevalence increases with disease severity of HF [7, 8] . Mounting evidence and understanding of the role of iron deficiency in HF has led to the acknowledgment of iron deficiency as a comorbidity in HF by the European Society of Cardiology (ESC) in the guidelines on heart failure published in 2012 [9] . In the most recent ESC Heart Failure Association guidelines from 2016, the ESC recommends regular measurement of ferritin and transferrin saturation on top of hemoglobin [10] . In addition, iron therapy with the intravenous iron preparation ferric carboxymaltose (FCM) should be considered in HF patients with iron deficiency with a IIa class of recommendation, level of evidence A.
FCM has been approved and used for the treatment of iron deficiency in non-HF patients for over a decade. With regard to HF, the FAIR-HF study was the first large-scale phase III trial to evaluate the treatment of iron deficiency (defined as ferritin level <100 mg/L or 100-299 mg/L if transferrin saturation <20%) with FCM in HF patients [11] . In this 24-week parallel comparison between FCM and placebo, FCM was linked to significant improvements in New York Heart Association (NYHA) functional class, selfreported Patient Global Assessment (PGA), Six-Minute Walk Test (6MWT), and health-related quality of life (HRQoL) in both anemic and non-anemic patients. Moreover, health economic analyses modeled on this study indicated a favorable cost-effectiveness profile in, e.g., Spain, Sweden, and the UK [12] [13] [14] .
The CONFIRM-HF study was a double-blind, placebocontrolled, randomized phase III trial in which 304 chronic HF patients with NYHA class II or III with iron deficiency were randomly assigned to receive either FCM or saline in a 1:1 ratio [15] . Over the 52-week follow-up period, significant improvements in 6MWT, the primary endpoint, as well as in the secondary endpoints of NYHA class, PGA, HRQoL, Fatigue Score on the Kansas City Cardiomyopathy Questionnaire, and rate of HF-related and cardiovascularrelated hospitalizations compared with placebo were reported.
The administration and dosage of FCM in the CONFIRM-HF study differed from the FAIR-HF study and is the basis for the currently approved dosing scheme. Moreover, the follow-up time in CONFIRM-HF was much longer. Therefore, we chose to utilize these data in our health economic analysis. The aim of this analysis was to assess the cost effectiveness of implementing the ESC recommendation to treat iron deficiency in HF with FCM in the four major Nordic countries; Denmark, Finland, Norway, and Sweden.
Methods
A cost-utility analysis was performed to evaluate the cost effectiveness of FCM treatment in iron-deficient HF patients. The cost-utility analysis is a health economic evaluation method used when health outcomes are measured with a unified generic utility measure, such as qualityadjusted life years (QALYs), in both the treatment group and the comparison group and the associated costs estimated in these groups [16] . In current clinical practice, iron deficiency in HF remains most often undetected and thus untreated in the Nordic countries. The appropriate comparator for FCM treatment of iron deficiency in HF in this analysis is, therefore, no treatment.
In this analysis, health outcomes were measured as HRQoL and expressed in QALYs. Separate cost analyses were carried out for Denmark, Finland, Norway, and Sweden to account for country-specific conditions. National unit costs for healthcare resources, based on the Nordic Diagnosis Related Groups (DRG) system, are shown in Table 1 [17] [18] [19] [20] [21] [22] . The average tendered price per country for FCM in 2017 was provided by Vifor Pharma Nordiska, Stockholm, Sweden. Costs are presented in 2017 euros (e), adjusted to 2017 price levels using the consumer price index when necessary [23] . The average exchange rates in 2017 were e1 ¼ DKK 7.4386, e1 ¼ NOK 9.3270, and e1 ¼ SEK 9.6351 [24] . The time horizon was 52 weeks in the analysis, corresponding to the follow-up period in the CONFIRM-HF study. Given this time horizon, health outcomes and costs were not discounted. The result of the cost-utility analysis is an incremental cost-effectiveness ratio (ICER), ICER ¼ ðCost FCM ÀCost Placebo Þ=ðHRQoL FCM À HRQoL Placebo Þ, which interrelates the difference in costs of treatment with FCM and placebo in each country with the difference in HRQoL.
The cost-utility analysis was modeled on the setup of the CONFIRM-HF study but incorporated certain adjustments to take into account the ESC guidelines and to better reflect the envisaged clinical practice in the Nordic countries.
Health outcomes
In the CONFIRM-HF study, HRQoL was measured with the EuroQoL Visual Analogue Scale (EQ-VAS) at baseline and at weeks 6, 12, 24, 36, and 52. Based on published aggregate figures, we calculated utility values, i.e., an index between 0 and 1, where 0 represents death and 1 best possible health. QALYs for each study group were obtained by multiplying utility values with the appropriate time interval in between the assessment time points, assuming that changes in utility occur in the middle of these intervals. However, the preferred measure for HRQoL in cost-utility analysis is based on the application of a validated value set to the EuroQoL five dimensions (EQ-5D) questionnaire to calculate QALYs. As EQ-5D was not measured in the CONFIRM-HF study, we drew on published data from the FAIR-HF study to provide an estimate in the following manner. QALYs based on both EQ-VAS and EQ-5D applying the UK time trade-off value set [25] , which is also commonly applied in Nordic cost-effectiveness analyses, have been previously published for the FAIR-HF study [13] . We used the relationship between these two values and combined it with the calculated EQ-VAS-based value for QALYs from the CONFIRM-HF study to estimate QALYs based on EQ-5D.
Resource use
We built a model to measure the use of healthcare resources based on the setup of the CONFIRM-HF study. To derive a realistic base case scenario that reflects the envisaged clinical practice in the Nordic countries, we also drew on the ESC guidelines on HF management. Four resource categories which are affected by FCM treatment were included in the Table 1 . Unit costs of resources (2017 price levels in euros and local currencies), [18, 19, [21] [22] [23] The unit costs for visit for diagnostic tests and laboratory tests are based on Swedish unit costs and are adjusted for purchasing power parity differences between countries [17, 20] . Laboratory tests includes tests for serum ferritin (SEK 30), serum iron (SEK 10), total iron-binding capacity (SEK 13), transferrin saturation (SEK 0), and hemoglobin in blood (SEK 10).
analysis; diagnostic tests, FCM, administration of FCM, hospitalization. Table 2 details all resource parameters used in the analysis.
In clinical practice, FCM must only be administered if the diagnosis of iron deficiency is based on laboratory tests (we include ferritin, transferrin saturation, and hemoglobin). According to the ESC guidelines, HF patients should be routinely screened for the presence of iron deficiency. Also, iron deficiency is a non-acute condition. The assessment of the iron deficiency status can thus be planned and take place in conjunction with a regular healthcare visit for monitoring HF patients. In the base case scenario, we only included the costs for laboratory tests prior to and after the initial treatment with FCM in the FCM group. If an additional treatment with FCM is required, costs for follow-up laboratory tests were also included. In the FCM group, we included the costs for diagnosing all HF patients intended for FCM treatment (and not only those with a positive diagnosis), assuming a prevalence of iron deficiency of 50% in HF [8] . Since healthcare visits for performing these diagnostic tests can be planned, we did not include the costs for a separate visit in the base case.
Once the iron deficiency is diagnosed in HF patients, the ESC guidelines recommend treatment with FCM. Correct dosing of FCM is determined by a patient's body weight and hemoglobin level resulting in six possible dosing combinations (assuming no patients with less than 35 kg body weight). This dosing scheme was also used in the CONFIRM-HF study for the initial treatment with FCM. In the base case scenario, we relied on the initial allocation of patients in the FCM group in the CONFIRM-HF study across the six dosing combinations; see Table 2 . If administered as an intravenous infusion, the maximum single dose of FCM is 1000 mg of iron per day. If the cumulative dose to correct iron deficiency exceeds 1000 mg of iron, at least one week of time must pass between the first and the second infusion. In the CONFIRM-HF study, those patients that needed a second infusion as part of their initial treatment received it six weeks after the first infusion. The administration of an infusion of up to 1000 mg takes 15 min, and patients have to remain under observation for 30 min after an infusion. In the base case scenario, we assumed that the first infusion can be planned and hence take place in conjunction with a regular healthcare visit at a cardiology department, requiring no extra costs for this visit. However, we did include the costs for a healthcare visit to receive the second infusion for those patients requiring one, as it might be more difficult to combine it with an unrelated visit in clinical practice.
The CONFIRM-HF study showed that the correction of the iron deficiency status for most patients was achieved after the initial treatment and maintained until week 52. At the first follow-up visit after the initial treatment at week 12, 18.9% of the patients still had iron deficiency. In clinical practice, those patients would once again receive FCM according to the dosing scheme. In the base case scenario, we assumed that half of those patients require a cumulative iron dose of 1500 mg, and a quarter of patients 500 mg and 1000 mg, respectively. This differs from the CONFIRM-HF study in which patients uniformly received 500 mg as long as iron deficiency was present at weeks 12, 24, and 36. In line with the approach for the initial treatment, we assumed that the first infusion of the additional treatment can be planned and requires no separate healthcare visit, whereas we did include the costs for a visit to receive the second infusion.
In the CONFIRM-HF study, the numbers of both cardiovascular-related and HF-related hospitalizations were significantly (p-values of 0.0174 and 0.0021, respectively) lower in the treatment group compared with the placebo group. In the FCM group, 26 cardiovascular-related hospitalizations were recorded during the whole study period (corresponding to a mean annual rate of 0.17 hospitalizations per patient), and 51 hospitalizations in the placebo group (0.34 hospitalizations per patient). In the base case scenario, we used these hospitalization rates.
Sensitivity analysis
A deterministic sensitivity analysis was conducted to examine the robustness of the resource use parameters and the [15] 18.9% 100% -of which receive 1 Â 500 mg 25% 0% -of which receive 1 Â 1000 mg 25% 0% underlying assumptions in the base case. One of the critical assumptions is whether separate healthcare visits are required for performing diagnostic tests and for all administrations of FCM. In clinical practice, this will depend on how well the new routines for the screening of iron deficiency status and iron treatment can be integrated into the current healthcare management of HF patients. We simulated various scenarios to quantify the impact of the flexibility of healthcare management. Furthermore, we tested the impact of the dosing of FCM based on the initial patient allocation, the share of patients requiring an additional FCM treatment, the price of FCM, different definitions of the hospitalization rate, as well as the computation of and the difference in QALYs. We also re-ran the whole analysis based on the median patient in the CONFIRM-HF study.
Results
In general, costs of care were different between the Nordic countries in 2017 (Table 1) with the most expensive care given in Norway for an HF-related hospital admission and the least expensive one in Finland. A similar cost pattern was seen for outpatient visits at a cardiology department.
Results of the cost-utility analysis are shown in Table 3 . As regards costs, treatment with FCM resulted in a decrease in total costs per patient of e298 in Denmark, e36 in Finland, e484 in Norway, and e379 in Sweden compared with no treatment of iron deficiency in HF patients over the 52-week study period in the base case scenario. Figure 1 illustrates the total costs per patient broken down by the four cost categories; see also Table A1 in the online Appendix (Supplemental Material). The estimated reduction in costs for hospitalization in the FCM group was in all countries large enough to offset the increase in costs due to FCM (which amounts to between e204 and e237 in all countries), FCM's administration, as well as diagnostic tests.
In terms of HRQoL, FCM treatment resulted in a QALY gain of 0.050 per patient (95% confidence interval (CI) 0.003-0.098) compared with no treatment during the study period, according to the extrapolation for EQ-5D; see Table  3 . Based on EQ-VAS, the QALY gain amounted to 0.031 (95% CI 0.002-0.061).
As a result, FCM treatment of iron deficiency in HF patients was both cost saving and more effective in all four Nordic countries. This means that FCM treatment dominated no treatment in the base case scenario, and hence no ICER expressed in costs per QALY could be calculated for this point estimate in the cost-effectiveness plane.
The results of the sensitivity analysis confirmed the base case results to be robust and are presented in detail in Table  3 and in Table A2 in the online Appendix (Supplemental Material). The scenarios considered in Table 3 illustrate the importance of a well-organized HF management, which has enough capacity and flexibility to implement the ESC guidelines in a cost-saving manner. For instance, if all healthcare visits required for FCM's administration are assumed to occur unplanned and hence cause additional costs, the costs savings are roughly cut in half in Denmark, Norway, and Sweden, while in Finland FCM treatment becomes more expensive than no treatment. A similar pattern can be observed when all healthcare visits related to performing diagnostic tests are assumed to occur unplanned instead of in conjunction with regular healthcare visits. If all types of healthcare visits occur unplanned, FCM treatment still reduces costs in Norway and Sweden compared to no treatment, while in Denmark costs are equally high, and in Finland costs increase.
Furthermore, the hospitalization rate was a key driver of the result. If no difference in the hospitalization rate between the study groups was assumed (see Table 3 ), the total costs were naturally higher in the FCM group than in the placebo group. Yet even in this scenario FCM treatment still had a favorable cost-effectiveness profile, as the ICER was around e6500-e9,000 per QALY in all countries, which is far below the typical cost-effectiveness thresholds (around e45,000 per QALY) in the Nordic countries.
Discussion
In this analysis, we demonstrated that FCM is cost-effective across the four major Nordic countries. Improving the quality of life is a very important aspect of HF management as is reducing HF-related hospitalizations, which are linked to worse prognosis. It has been firmly established that modern HF medication, as well as device therapy, reduce morbidity and mortality [10] , but also that such therapies are not optimally implemented in real life, both according to international surveys [26] and registries [27] . Iron deficiency has only recently been recognized as a comorbidity in HF which should be investigated and treated. Therefore, the National Norwegian Heart Failure Registry (NNHFR) and the Swedish Heart Failure Registry (SwedeHF) have added ferritin, transferrin saturation, and FCM treatment amongst entered parameters which can in the future be used to follow up the implementation of ESC guidelines regarding diagnosis and treatment of iron deficiency in HF patients.
The 2016 ESC guidelines specifically recommend treatment of iron deficiency with FCM based on the two largescale randomized controlled clinical trials [11, 15] . No comparable trials have yet been completed for other parenteral iron formulations in iron-deficient HF [28] . Oral iron therapy is usually the first-line treatment for iron deficiency in therapeutic areas other than HF because of convenience and low cost. The effectiveness of oral iron therapy in iron-deficient HF has been recently evaluated in a randomized clinical trial involving 225 patients [29] , but found no differences in exercise capacity or other health-related outcomes between the group receiving oral iron polysaccharide compared with placebo over a 16-week study period.
The generalizability of the results of the cost-utility analysis should be judged against the backdrop of the representativeness of the study population in the CONFIRM-HF study. The intention-to-treat population with post-baseline records in the CONFIRM-HF study was composed of 301 patients recruited across nine European countries (including some patients in Sweden but not in other Nordic countries) [15] . Table 4 compares baseline patient characteristics from the CONFIRM-HF study with patients managed in outpatient hospital care from the Danish Heart Failure Registry (DHFR), the Norwegian NNHFR, and the Swedish SwedeHF [30] [31] [32] . Even though very limited comparisons can be made between large registries and an RCT, the patients are fairly similar in many respects although the share of female patients and the prevalence of concomitant diseases are lower in all registries as well as Swedish patients seem to be older.
The economic burden of chronic HF is high and has been estimated to equal about 2% of the total healthcare budget in Western countries [1, 33] . Following the 2016 ESC guidelines, we showed that the recommendation of treating iron deficiency in HF with FCM can be implemented in a cost-saving manner. This result rested partly on the fact that iron deficiency is a non-acute condition. Therefore, its diagnosis, treatment, and follow-up can in principal be planned and take place in conjunction with regular healthcare visits, as HF patients typically make several healthcare visits per year to monitor and adjust treatment and comorbidities [33] . However, the scenarios considered in the sensitivity analysis showed that even if some additional healthcare visits were required, FCM treatment would still be cost saving in most countries. The economic burden of HF thus need not rise due to the introduction of a new additional treatment such as FCM. Importantly, HRQoL, symptoms, and exercise tolerance of iron-deficient HF patients can improve. Hospitalizations were another a key driver of the result. This is not surprising, since HF is the most common cause of hospitalization in patients aged over 65 years [32] , and hospitalization is by far the greatest cost component of total healthcare expenditure for HF [6, 33] . Even though the CONFIRM-HF study was not powered to detect statistically significant differences in hospitalizations, there was a significant and quantitatively large reduction in cardiovascularrelated, HF-related, and all-cause hospitalizations during the study period. A pooled analysis of four clinical trials of FCM treatment in iron-deficient HF involving 839 patients also demonstrated a similar and significant reduction in the number of hospitalizations [34] . Randomized controlled studies dimensioned to evaluate hospitalization rates and also mortality will allow for improved evaluations of cost per QALY saved. Currently, three such studies, HEART-FID (clinicaltrials.gov NCT03037931), FAIR-HF2 (NCT03036462), and Affirm-AHF (NCT02937454), are ongoing.
Limitations
Some limitations in our analysis originated from the design of the CONFIRM-HF study. The analysis was restricted to a healthcare perspective in the Nordic countries. In health economic analyses, it is desirable to apply a wider societal perspective. Indirect costs outside the remit of the healthcare payer, such as morbidity-related productivity loss and informal care, could not be included due to lack of data. However, given the advanced age of the typical HF patient, changes in morbidity-related productivity loss would be small, as most patients are already retired. The need for informal care might be reduced by FCM treatment if patient health and physical capacity improve as observed in the clinical trials. We did not include healthcare resource use in connection with the treatment of adverse events and death in the analysis, as their occurrence was similar in each study group in the CONFIRM-HF study.
Another limitation of this study is the lack of directly available EQ-5D data. These data would be the preferred generic measure to calculate changes in HRQoL in terms of QALYs. In this study, it was only possible to infer changes in EQ-5D-based QALYs indirectly via changes in EQ-VAS.
The way FCM was administered after the initial treatment constitutes another limitation. As mentioned above, at the first follow-up visit at week 12 the 18.9% of patients who were still iron-deficient received a maintenance dose of 500 mg of FCM instead of the appropriate dose according to the approved dosing scheme. This was also done at week 24 and week 36. However, more than 75% of patients required at most two injections of FCM during the whole study period. In fact, the median patient only required two injections of in total 1,500 mg of FCM in connection with the initial treatment to remedy iron deficiency and maintain this status throughout the study period. This corroborates a long-lasting effect of FCM for the great majority of patients based on an administration mode relevant for clinical practice. Nonetheless, evidence of the effects of FCM on health outcomes and healthcare resource use beyond the first year of treatment would be desirable.
Conclusion
The treatment of iron deficiency in chronic HF with FCM compared with placebo was estimated to be both HRQoLimproving and cost-saving in all four Nordic countries. A reduction in hospitalizations was one key driver of these results. Another key driver was how well the new routines for measurement of iron deficiency status and iron Table 4 . Characteristics of the CONFIRM-HF study population at baseline and of patients in national HF registries.
Characteristic CONFIRM-HF [15] Danish Heart Failure Registry [30] Norwegian Heart Failure Registry [31] Swedish Heart Failure Registry [ 
